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Measuring Non-Electrostatic Adhesive Force between Solid Surfaces and Particles by Means of Atomic Force Microscopy
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Abstract

A method of quantitatively measuring non-electrostatic
adhesive force between solid surfaces and particles has
long been desired as a tool in the study of electro-photo-
graphic devices. We have developed just such a method
by employing atomic force microscope (AFM). This method
has allowed us to study the relationships between adhe-
sive force and surface energy, surface roughness, hard-
ness, relative humidity, and particle diameter.
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Fig.1 Schematic diagram of AFM
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Fig.2 Deflection of cantilever due to tip-substrate interaction
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Fig.3 The example of typical force curve
The adhesive force is calculated from the cantilever
deflection by multiplying by cantilever spring constant

3 EE

7+ —AH—7Ex. Digital Instrumentst:#
Nanoscopella%z JHWTAT R o720 DR, bF— L%
BEOKNZE (5, 7, 9um) OEIKIKSIOF 72IZPMMA
EWHWD A ¥ F L N—eli AR CHEL, Iht T
o—7¢ L THw” (Fig. 4%, 9um®»SiO2% 5 »F L
=R L7260 . Wik, KA (Rile23+2C) T
Tl olee BAMFIL, HAAEICL Y RDA-KTT A
VE-XDEHLAY , REHSIZAFMIZ X ) FFHi L
72

Fig.4 Photograph of a 9um SiOz particle
attached to a silicon nitride cantilever
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Fig.5 Relationship between adhesive force and work of adhesion
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Fig.6 Relationship between adhesive force and surface
roughness
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Fig.7 Contact between solid surface and particle

5. 3 7O-7ORFREOHE

AR ~—%¥ > 7 ek L, FYa—7& LTI3hE
5, 7, 9um®SiO7 1 —7 % M\ T R34k
A2 MRIz, ZOFERO—Fl%Fig. 8 IIR T,

Fig.8 £ 0. KT ORZEPKEL R LHITE, AR
ELBRBMEIENIH LI EN T D, TOHEE LTI,
R — AR 2 [ OBk IR AR T ORRIARAE L TR
EL D HRLLTHENDPRELS o722 & 28HEN
T& %,

KONICA MINOLTA TECHNOLOGY REPORT VOL.1 (2004) 21



<1000
2 L
X 800 X
p %0;/////&/////4
2
£ 400 ¢
[
= 200 f
[}
ﬁ O Il Il Il
5.00 6.00 7.00 8.00 9.00
Particle Diameter [ z m]

Fig.8 Relationship between adhesive force and particle diameter
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Fig.9 Relationship between relative humidity and adhesive force
measured by PMMA attached cantilever
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Fig.10 Relationship between relative humidity and adhesive
force measured by SiO:2 attached cantilever

6 F&

IEFEIN AN BT 525 KRELRNT L LT,
T BREE N ER ORI ALV X —, REH S,
KT ORE, BEXSZTLNL, INHEENEFNLTFO
IV ENTHEL TV EWnd o

O EHEANVF— | A, FEREE & RF M
ORMIANTF =R OIZENL OBMEDOIREL %2 5
BAMBEICEEFELTBY ., BHLEIREVIZEN
HIHKRE W,

O FHEME | BEARNICR FORAEL D /NS g
AL NTE, BTN E v,

O KT-ok£  WTOREN S F— L AEREDOY
Gy RENKREL B MBI RE L &AM
BdH 5o

O W EEoEVR T2 HwzBa1. il
BRENCHBENPREL &5,

ORI, KRB FENT OERICKE CFHS
L. A A=V ZHEMOMMICEHBN L 722 LT, 20014
BE HARE G AR E 2 2 H Lz, 4% b5&Hka
ZOFHIIT3: % FH. BNk T % %09 52 T ORI
BATTWLFETH B, 5K BT, HifIEo
N— R & 7 B BEHM /73 HT T 0 BB R AT B IS 120D A
K HABFEAROM LICEB L TW L FIETH 5o

@ SE ik

1) AHEIE, ORI - HI#H & BLEBRO b T TV, A
Hflit > 7 —il@ a7 F A+ (1998)

2) HAR BEOMHERE WEoTHITS

3) INAAZINVT F5 4V TR KREILATIGERM ) & #£
(112}

4) AKawai, Journal of Adhesion Society of Japan, Vol.31, No.6,(1995)
237

22 KONICA MINOLTA TECHNOLOGY REPORT VOL.1 (2004)





